Regulation of the glutamate racemase of Escherichia coli investigated by site-directed mutagenesis.
The biosynthesis of D-glutamic acid, one of the essential components of bacterial cell-wall peptidoglycan, is catalyzed by a glutamate racemase in Escherichia coli. While the other reported glutamate racemases from various (essentially gram-positive) bacterial species did not require any specific activator, the E. coli enzyme absolutely requires the presence of the peptidoglycan precursor UDP-N-acetylmuramyl-L-alanine to catalyze the interconversion of glutamic acid isomers. A comparison of the amino acid sequences of these different enzymes was made to identify amino acid residues from the E. coli enzyme that are involved in the catalysis or binding to the activator. Site-directed mutagenesis experiments are described that demonstrate the participation of cysteines 96 and 208 in the two-base reaction mechanism of the enzyme. The construction of N- or C-terminal-truncated enzymes is also described. The attractive hypothesis that the characteristic N-terminal amino acid extension (20 residues) of the E. coli enzyme could be involved in its activation by the nucleotide precursor is disproved by these experiments.